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(57) Abstract 

Method and apparatus for non-invasively determining glucose level in fluid of subject typically blood glucose level. A particular 
device (10) is mounted on the skin of the patient for a fixed period of time. The device (10) is mounted on the skin such that a substrate 
such as paper (12) or gel or an aqueous glucose solution carried by the device are in contact with the patient's skin. Water and/or glucose 
migrates between the substrate (12) or the aqueous glucose solution of the device. The degree of migration of the substance in question is 
monitored, for example the amount of glucose remaining in an aqueous solution of the device is measured at the end of the fixed period. 
This can be done by a conventional or other spectrophotometric method, for example. The glucose level is determined based on the degree 
of migration of the migrating substance. That is, the degree of migration is correlated with previously determined fluid glucose levels 
based on directly measured fluid glucose levels. In another approach, impedance of skin tissue is measured and the measurement is used 
with impedance measurements previously correlated with directly determined glucose levels to determine the glucose level from the newly 
measured impedance. It is thus possible to routinely non-invasively determine fluid glucose levels. 
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METHOD & APPARATUS FOR 
NON-INVASIVE DETERMINATION OF GLUCOSE IN BODY FLUIDS 

FIELD OF THE INVENTION 

The present invention relates to non-Invasive methods end devfces for 
S determining the level of glucose in e body fluid or s subject 

BACKGROUND OF THE INVENTION 

There ire numerous reasons for determining me level of glucose present In 
body fluid of a subject In the esse of e person suffering from diabetes, It is often necessary to 
determine the glucose level In blood daily, or even more frequently. Non-invasive approaches to 

1 0 determination of blood glucose levels have been suggested In the patent tterature. For example, 
United States Patent No. 5,036,861 (issued to Sembrowich ct al on August 6, 1891) describes e 
wrist-mounteble device having an electrode which measures glucose present tn sweat at the skin 
surfed, United States Patent No. 5,222,406 (issued to Clarice ef at on June 29, 1093) describes 
an infrared glucose sensor mountabfe. for Instance, on a wrist or finger. United States Patent 

1 5 No. 5,433,1 87 (issued to Stark on July 1 6. 1 995) describes determination of blood glucose 
through illuminating a patient's eye with neaMnfrared radiation. United States Patent Nos. 
5,115,133, 5,146,091 and 5,197,951 (c*ued to Knudson on May 18, 1892, September B, 1982 
and January 19, 1883, respectively) describe measuring blood glucose within blood vessels of a 
tympanic membrane in a human ear through light absorption measurements. The specifications 

20 of sll of these patents are Incorporated herein by reference. 

The most common current approaches to determining blood glucose levels still 
appear to involve obtaining a sample of the person's blood and than measuring the level of 
glucose In the sample. These approaches will not be reviewed here except to sey that obtaining 
the blood sample necessarily involves an Invasive technique. Generally, the person's akin is 

25 broken or lanced to cause an externa) flow of blood which is collected in seme fashion for the 
glucose level determination. This can be both Inconvenient and distressful for a person and it is 
en object of the present invention to avoid the step of obtaining e blood semple directly, at least 
on a routine or daily basis. 

It is known that skin tissue, when immersed in an aqueous glucose solution, 

30 equilibrates Gneerly with the concentration of external glucose f Glucose entry into the human 
epidermis. I. The Concentration of Glucose in the Human Epidermis", K.M. Halprin, A. 
Ohkawara and K. Adachi, J. Invest Demwfot, 49(6): 559, 1967; 'Glucose entry into the human 
epidermis. II. The penetration of glucose Into the human epidermis in vHm\ K.M. Halprin and A. 
Ohkawara,*/. /r>v9sf.OennL, 49(6): 561.1967). It has also been shown that skin glucose can 

35 vary in synchrony with blood level glucose during standardized tolerance testing in mo ("The 
cutaneous glucose tolerance test I. A rate constant formula for glucose disappearance from the 
akin', R.M. Fusaro, JA Johnson and J.V. PSsum, J. Invest Dwmatol., 42: 359, 1964; The 
cutaneous glucose tolerance test", R.M. Fusaro and J A Johnson, J. Invest, Oenneta/ 44: 
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230,1089). H fc alto known for equ^rvtion of glucose tmft to occur between blood end 
Intexstffial fluids in contact wtth Wood vessels f A micradhtysit method aligning charadertzaflon 
of tnteroeflular water space In human - , P. Lonruoth, P. A Jtnsson and U. Smith, 77)* American 
JwvnW ofPhyztiogy. (Endocrinol Mstab.. 1 8): E22S-E231.1B87; 'Aseeeemsntof 
5 subcutaneous glucose concentrator; validation of tha wfck technique bs a reference for 

Implanted electrochemical sensors In normal and dabefe don" U- Fischer, R Ertfe, P. AM, K. 
Retain, E. BrunsWn, H. Hahn von Dorache and EJ. Freyee, Dkbehbgk. ». MO, 1 W7), 
Impiantafion or cfisrytis naadlea tquippad wtth glucose aenaors has shown that orally ingested 
glucose load is reflected by parallel changes In skbi tissue gluooa*. 

10 SUMMARY OF THE INVENTION 

The praaant invention is a method and apparatus for nortJrmetoly m on ltoftrq 
levels of glucose In a body fluid of a subject Typfcmliy, blood gluoose levels ere determined tn a 
human subject 

In a preferred embodiment, the Invention is a method for non-invastvefy 
1 5 monitoring glucose In a body fluid of e subject In which the method Includes steps of measuring 

Impedance between two electrodes In conducive contact wtth a skin surface of the subject and 

determining the amount of glucose In the body flufd based upon the meaeured Impedance. 

Typically, the body fluid In *rtilch It Is desired to know the level of glucose is blood. In this way, 

the method can be used to assist In determining levels of InsuBn administration. 
20 The step of determining flie amount of glucose can Include compart^ the 

measured Impedance with a predetermined relationship between Impedance end blood glucose 

level, further details of which are described below In connection with preferred embodiments. 

In certain embodiments. Impedance la measured eta plurality of frequencies, 

end the method Includes determining the rato of one or more pairs of measurements and 
25 determining the amount of glucose in the body flutf Includes comparing the determined ratk>(s) 

with corresponding predetermined retted). I.e., that have bean previously correlated with directly 

measured glucose levels. 

The aldn sis can be located on the volar forearm, down to the wrist, or It can be 

behind an eat of a human subject Typically, the sttn surface is treated ufth a saline solution 
30 prtor to the measuring step. An electr^ 

the conductive contact of the electrodes wfth the sUn surfeco during the meeeuring step. 

The electrodes can be in operative connection with a computer chip 

programmed to determine the amount of glucose In the body fluid based upon the measured 

Impedance. There can be an Indicator operabVefy connected to the computer chip for indication 
35 of the determined amount of glucose to the subject The indicator can provide a visual (fispiay to 

the subject 
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In certain embodiments, the computer chip is openrively connected Id an Insulin 
pump and the computer chip It programmed to adjust tha amount of fnsufci flow via the pump to 
the subject in response to the determined amount of gtuooe*. 

Electrodes of a probe of the Invention can ba opaeed between about 0.2 mm 
S end about 2 cm from each other. 

In another aspect, the invention k en eppanrtue for non-lmnsn* mordbttngof 
pjuooee in a body fluid of a aubject The tpperatue Includes maane tor meteuring Impedance of 
atfn taue In response to a voltage eppfcrf thsrrto and e mkropfocessor opeortively connected 
to the meane tor measuring Impedance, for determining tha emount of glucose In the body fluid 
10 baaed upon the impedance meeeummertt The meane tor measuring impeo^oe of e^ 
can Indude e pair of spaced apart electrodes for electrically conductive contact wfth a aWn 
eurfeoe. Tha microprocessor can be programmed to compare the messured Impedance wfth a 
predetermined correlation between Impedance and Hood glucose level. The epperatue can 
include means tor measuring Impedance at a plurality frequeneJee of the applied voltage and the 
15 programme can Include meane tor determining the ratio of one or more pain of the impedance 
meaauramente and meane for comparing the determined rafio(e) win corraapondtng 
predetermined ratkKs) to determine the amount of glucose m the body fluid. 

The apparatus preferably indu^ 
microprocessor for Indication of the determined emount of gtueoee. The kidfcatorcan provide o 
20 visual display tor the aubject to read the determined emount of glucose. It is possible that the 
indicator would Indicate If the glucose level b outride of an acceptable range. 

In a particular embodiment, the microprooeaaor H oporativcly cormeoted to an 
insulin pump and the apparatus Includes means to adjust the amount of Insulin flow via the pump 
to the aubject in response to the determined emount of glucose. 
25 The apparatus can include a ease having meane for mounting the apparatus on 

the forearm of e human subject with the electrodes In electrically conductive contact wtthesWn 
Burfacaofthe subject 

In another embodiment, the Invention is a method for mentoring the level of 
gluoose in a body fluid by contacting a skin surface of the subject with a substrata capable of 
30 absorbing water to permit migration of water between the eubstrate end the ekm. Thfa la followed 
by monitoring the migration of water beta* en the eubetrate end the skin and determining the 
emount of glucose in the body fluid baaed upon the monitored amount of water migration. 

The body fluid can be intcrstftaJ body fluid, but blood glucose lave! h Italy to be 
of more interest. In storafions where the level of the constituent gluoose is monitored to Indirectly 
35 determine its level In another fluid, eay by monitoring the level of glucose In Interstitial fluid to 
determine the level of glucose in blood plasms, the irtsrstttal body fluid must be reflective of the 
level in the other fluid. 

The eidn oan be contacted wfth the substrate for a predetermined time period 
and monitoring the mbrefai of water can be weighing the eubetrate subsequent to the 
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contacting stap Tim time p«nod nan ha anywhere harwa*n about 1 minute and ahmit ? hours 
but a time period between about S minutes and about 1 hour a mora preferred, but the time 
period can also be between about 10 minutes and about 45 minutes, between about 20 minutes 
and about 40 minutes or about 30 minutes. 
5 The substrate can be paper. The substrate can have a contact area with the 

skin of between about 1 cm 2 and about 9 cm 1 , or between about 2 cm 1 and about 6 cm 1 . In the 
working embodiment deeeribed further below, the contact area wat about 1 cm 1 . 

In emboditiwnfe desuibed In delafl UHuw, the subsume beat* a suflkaertlly 
small amount of water prior to the CJontactfng step wich that th* miration of wafer k from the 
10 akin to the substrate during the contacting step. 

The monitoring step can Include measuring electrical resistance of the substrate 
in contact with the akin surface. The monitoring step can include determining the length of time it 
lakes tit* iiiuttsuiud teafeteiiue tu change a fixed amount arid correlating th* change with biuod 
glucose leveK drtarrnineri directly 
15 In a particular emboolmcnt, the Invention is e method for monitoring the level of 

glucose present in a body fluid of a subfect wrucft Includes contacting a sun surface of the 
subject with an aqueous glucose solution of predetermined concentration to permit migration of 
the water and the glucose betw e e n Interstitial s«n fluid and the solution. The method Includes 
monitoring the amount of glucose present in the solution and determining the amount of glucose 
20 in the body fluid based upon the monitored amount of glucoee in the eolution. The determination 
is generally based on a prior calibration In which amounts of migration have been correlated with 
directly measured body fluid amounts of glucoee in question. 

The Wood glucose level of the subject can be determined based on the 
monitored amount of glucose in the solution. 
25 In an embodiment deeeribed in detail below, tho predetermined concentration of 

glucose in the solution is sufficiently high that migration of the glucose is from the solution and 
into the skin. The monitoring step can Include determining the amount of the glucose in the 
solution after the aubstrato has been in contact with the sWn for a predetermined length of time. 
The predetermined length of time can be between about 1 minute and about i hours: between 
30 about 5 minutes and about 1 hour, between about 10 minutes and about A 5 minutes; between 
about 20 minutes and about 40 minutes, ui abuul 30 miuule*. 

The aqueous solution can include a wetbng agent, for example, propylene 

glycol. 

The concentration of glucose In the solution, prior to the contacting step would 
35 generally be between about 50 and about 1 000 mgs/dL; between about 200 and about 700 
mgs/dL; between about 400 and about 000 mgs/dL; or about 475 m^s/dl. 

in one arrangement, a semi-permeable membrane is located between the 
eolution and the skin to provido indirect contact of the ckin and eolution therethrough during the 
contacting step. 
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As mentioned, the body fluid can be blood and noiwnvawely determining the 
amount of glucose In the Wood can include correlating the determined concentration of glucose 
in the solution wtth directly determined blood glucose levels using previously determined data. 

The volumo of the colution can be between about 0.1 ml and about 1 ml; 
5 oetween about 02 ml and about 0.7 ml; between about 03 ml and about 0.5 ml; oi aboul 0.4 int. 

' The contact urea between the skin and anliihnn can he between about 0 OS in* 
(0.3 cm 1 ) and about 4 In 1 (25 cm 2 ); between about 0.2 in* (1 .3 cm 2 ) end ebout 1 in* (6.5 cm 3 ); or 
about 0.4 m" ».d cm*). I he contact can be aired or Indirect, as through a semi-permeable 
membrane that permits diffusion of water and glucose. 
j 0 tneUtoU can be pwfuimed using a lumd-liukJ device m wlich the solution is 

contained, the device inrJurflno a RnlnHon contact area cfimemanned for contacting the solution 
with a wriat of a human subject 

According to another embodiment ortne invention, mere is a method for 
monitoring glucose in a body fluid of a subject which Include* contacting a skin surface of the 
1 5 subject with a substrate substantially free of glucose so as to permit migration of glucose 
between the body fluid and the substrate. 1 he method also includes monftonng the amount of 
glucose proocnt in the substrate and determining the amount of glucose In the body fluid based 
upon the monitored amount of the glucose In the substrain According lo Ufc emtxxilmet «, the 
substrate is free of a glucose transport inhibitor or an exogenous source of energy, nr the skin 
20 has not been induced to sweat The substrate can be paper. 

I he body fluid can be interstmal body tiukS. but again, biooo glucose level ts 
likely to be of more intereet. 

The skin can be contacted wlUi the subeliato foi a uieUelemihuxl Ume peiiod 
and monitoring the amount of glucose present m the substrate can Include determining the 
25 amount of glucose in substrate at the end of the time period. 

in a method in wnich tne suostrate is paper, the amount of the glucose borne oy 
the paper can be determined by transferring the paper to a pre-determined amount of water and 
delemtfiibiu, lite amount or glucose borne by Uie sutwueto based un Urn conceiibauon uf yluwse 
devolved In the water Tha cnricentralinn of nhicnsa rlfeRnhred In the water ran he dfttermin«d 
30 apectrophotometricelly. The determination cen include reacting the glucose with e reagent to 
generate a enromoohore wwen absorbs light m tne visible range of tne electromagnetic 
spectrum. 

The predetermined timo period cen be anywhere between about 1 minute and 
about 2 hours, but a time period between about 5 minutes and about 1 hour is more preferred. 
35 but the timo period con oteo bo between about 1 0 minutes and about 45 minutes, between ebout 
20 minutes and about to minutes or about 30 minutes. 

A paper substrate can have a contact area with the skm of between about 1 cm 2 
and ebout 0 cm 2 , between ebout 2 cm 2 end about 6 cm 1 . In the working embodiment described 
further below, the contact area was about 4 cm*. 
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Accortwg to another embodiment the invention s a method for monitoring the 
blood glucoce level of a cubject which mcbdcs contacting a sksn surface of the subject with o 
substrate bearing a known amount of glucose, so as to permit migration of glucose between me 
skin and the substrate: monitoring the amount of the glucose in the substrate; and determining 
5 the blood glucose level of the subject based upon the monitored amount of glucose in the 
substrate. 

The substrate can be paper or it can be a gal, particularly a water-bated gat. 
In a particular aspect, descjibeU fuillmr Uriuw, the knuwu urnuuul or glucose is 
sufficiently high that migration of the glucose Is from the substrate and into the skin. 

10 Tho oWn con be contacted wfth the substrate for a predetermined time period 

and monitoring the amount of glucose present in the substrate can inciuae determining me 
amount of glucose in the substrate after the time period. The amount of glucose borne by a 2 
cm x 2 cm paper, for example, prior to contact cen be between about 0.05 end about 0.5 mgj, 
under particular circumstances, the preferred amount might be between about 0.1 ana about 0.4 

1 5 mgs, or even between about 0.2 and 0.3mgt. The paper can be, for example, transferred after 
U m cuiiittcthjy step to u pi tmJe lei mined amount uf water and the amount of glucose borne by the 
paper rintArmined based on the concentration of glucose dissolved in the water. The 
concentration of glucose dissolved in the water can be determined epectrophotometricelly. 
Further, spearophoiometric determination can include reacono the glucose with a reagent to 

20 generate a chromophore which abcorbc light in ths visible range of the electromagnetic 
spectrum. 

The predetermined time period can b* anywhere hAtwAAn ehruit 1 mimrtA *nrf 
about 2 hours, but a timo period between about 5 minutes end about 1 hour b more preferred, 
but the time period can also be between about to minutes and about 45 minutes, between about 
25 20 minutes and about 40 minutes, or about 30 minutes. 

A paper substrate cen have a contact arte with the ikin of between about 1 cur 
and about 9 cm 1 , between about 2 cm 2 and about 6 cm : . in the working embodiment described 
further below, the contact area was about 4 cm*. 

A gel substrate, as described below In connection wtth a particular embodiment. 
30 nan have a semi-permeabJe membrane located between the substrate and the skin to provide 
indirect contact of the skin and gel therethrough during the contacting step. 

I he concentration ot glucose in a ge) substrate can be up to about 600 rngs/rfl 
or between about 50 and 500 mgo/dL, but depending upon circumstances the preferred amount 
miylii be between about 100 and 500 mgs/dL. or even somewnere between 200 and about 500 
mgfi/dJ prior to the contacting step. Optimization would be carried out to determine the best 
concentration under particular circumstances, bearing in mind that a particular application, as 
already mentioned, requires mat the glucose concentration be sufficiently high to permit 
migration of glucose from gel to the skin. 
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Another embodiment of the invention s a device for monitoring the level of blood 
glucose of a subject The device includes a substrate bearing a known amount of glucose, the 
substrate having tne property mat tne glucose can freely amuse, when in contact with human 
skin, along a concentration gradient of the glucose between the substrate and elan, the cubetrotc 
5 wiuluuiiiy a sui face fm sakJ cunlatf, ujkI wi occlusive Goveikig. 

Trm device can he hand-held device end have a contact area dimensioned for 
contort with a wrist of a human subject The contact surface oan be provided by a membrane 
permeaDie 10 glucose. The contact area can be between about 0.05 in* (0.3 cm 1 ) and about 4 
In 2 (25 cm 3 ). 

1 0 The substrate of device can be paper or a gel, particularly a water based got. 

I he volume ot the gel can be between about 0.1 ml and about 1 ml. A device having a 
membrane can be provided wfth a releacable protecnvo covoring for tho membrane. 

The concentration of glucose in gel can be between about 50 mgs/dL and about 

1000mgs/dL 

1 5 Another device of the invention includes a well containing an aqueous glucose 

soiuoon of predetermined concentration and a surface bearing a pressure-sensrtrve adhesive 
surrounding an upper portion of the well, to permit mounting of the device on a skin surface of 
the subject with the solution m contact with the sWn surface. 

The devire can include mean* for obtaining a sample of the glucose solution 

20 from the well when the device is mounted on the skin surface. A preferred means is a 

membrane located to be accessible when the device is mounted on the skin surface ana sucn 
that it may be punctured in order to obtain the cample. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention will now be described, reference being 
25 had to me accompanying drawings, wherein: 

Figure 1 * hows a first embodiment device of the present invention in which tho 
substrate is paper. 

Figure 1 a shows a variant of the first embodiment device: 

Figure 2 c plot of spectra! ebsorbence at 635 nm of the eluate of paper strips . 
30 treated with glucose plotted against the amount (mgs) of glucose added to the strips, "l ne eluate 
of the paper was treated whh a Toluldlne Glucose Reagent Kit (#635, Sigma, St. Louts, 
Missouri); 

Figures 3 and 4 are representative plots of spectral ateorhance (635 nm) nf 
eluate of paper strips ve the directly determined blood glucose lovol of human subjects (mmol/L). 
35 Put vault point. Ute subject was Ueuled for thirty minutes with a paper strip to which 0.1 ml of 
solution (glucose, 300 rrulfgrarr* percent, and cholate sodium salt, 2 grams percent) had been 
applied and dried under ambient conditions. The eluate of each paper atrip was treated with a 
Toluldlne Glucose Reagent Kit and absorbance determined (y-axss). Alter tne thirty minute 
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exposure. a blood sample was taken from the subject and the Mood glucose level determined 
directly from the sample using an Etta Glucometer (ac-axk); 

Figure 5 to a plot of spectiel ubsm Utnue (035 iuii) of eluale of paper strips vs 
directly determined blood glucose level of human subject* (mmni/1 ) The mndhiorw under 
5 whJoh tho oxpcrimonto wero conducted were ormflor to those described for Figures 3 end 4, but in 
this case, urea, 10 grams percent had also been applied to each paper strip; 

Figure 6 shows a second embodiment device of the present invention; 

figure 7 is a plot of effusate glucose concentration (mgsAJL) vs effusion time 
(minutes), obtained using the second embodiment ot the device. The gel of the device wes 
10 composed of Corbopol 1 gram peretnt end gluooee 400 mgc woight poroont in water. Tho 
dm/to* wd* ut billed wlltt lira membrane facing upwardly and a volume of water (50 or 1 00 pf) 
wzs place on the membrane. Glucose was allowed to effuse from gel across the membrane 
end Into the drop of water where Initial concentration of the glucose was, zero. The concentration 
of glucose present In the known volume of water was measured at 10 minute intervals with an 
1 5 Elite Clucometer and plotted as a function of time; 

Figure 0 is a representative plot uf effusate glucose concentration (mgs/dL) vs 
effusion time (minutes), obtained usino tha second emhodimen! devir* after heing plannd in 
contact with a porcon'o skin. Tho gel of tho device was composed of Cerbopol 1 gram percent 
and glucose 400 mgs percent The top curve of the plot snows effusion of glucose from gel in a 
20 calibration experiment prior (pre) to application to skin. The bottom curve shows results obtained 
after (post) application of device to a person's wrist for 30 minutes; 

Figure 9 is similar to Figure 8 but In this case urea 5 gms percent was also 
included in the gel composition ucod to obtain the results; 

Figure 10 Is a plot of weight (mgs) of water absorbed and retained by a paper 
25 (first embodiment device) from a person's skin over 30 minutes as a function of the person's 
blood glucose level (Mmol/L) measured directly using an Elite Glucometer, 

Figure Ilea plot o: the concentration of glucose present in a paper substrate 
(first embodiment device) (abcorbonco at 505 nm) determined using the Trmder Cluoose 
Reagent Kit, #315-100, (Sigma, St Louis, Missouri) as a function of weight (mgs) of water 
30 ahsnrhert and retained by the paper substrate from a person's skin over 30 minutes; 

Figure 12 b a plot of electrical resistance (MQ) against time (minutes) as 
measured through an EKG type electrode used as an occlusive bandage for a paper substrate; 

Figure 13 show the data of Figure 13 replotted as log resistance as o function of 

time (minutes); 

35 Figure 14 is a plot nf the time (minutes) taken for DC resistance to decrease a 

etandondized amount (1S0 x 10*0) using the EKG type electrode as en occlusive backing for a 
paper substrate held against the sttn of a person, plotted against the blood glucose level of me 
persnn, measured directly; 
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Figure 15 is a representative plot slwwing gluawe concentration (mgsrdL) 
retained in OA ml of an aqueous solution contained in the well of a variant of the Figure 6 device 
(see text) after exposure to e person's skin for 30 minutes as e function of the person's Mood 
glucose level (Mgs/U measured directly using an ewe Gtucomeier. initial glucose concentration 

5 was 475 mgsttL; 

Fyuie 10 be plot showing Uie itujOatu (ave.i^e of ton i«kSi»«*) of a demwl 
phase m»ft»r » a ninrtion of dirnrUy dnferminerl hlnod 0 li««« concentration Measurements 
were token on e site on the left foreorm (•) and right foreerm (•); end 

Figure 17 is slmBar to Fioure 10. but readings were taken at a Wtoer. 

10 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Turning to Ffcure 1 of the drawings, patch device 10 Includes absorbent paper 
drip 12. occlusive barrier 14. eoft contour cushion 16. and adhesive top plaetio bandage 1». 
Paper sttto 12. can be. for example, a 2 cm x 4 cm piece of chromatography paper (Whatman 
No. 1 Chr) folded over on Itself to form a square. Occlusive barrier U b of an impermeable 
15 flexible plestic material bonded to soft contour cushion 16. Contour cushion 16 b bonded to 
plastic bandage material 18. Device 10 b placed over a skin she. typically the wrist, and held in 
place by end. of bandage 1« bearing a skin adhesive. The absorbent papar strip is than insartad 
between U.e ski., end occlusive Ue.ie. 14 to pe.mil Ue..spo,t of biuchenriceb of fa.te.e4 between 
thn skin and the pafw substrata Such hinrhamirj,te of interest include o'»««a and water 
20 involved in monitoring the diebebo condition of skin. 

Alternatively, the absorbent paper strip may be positioned beneath a metal 
olactroda 20 which is insartad botwaan davica 10 and the cWn. as illustrated in Figure 1a. 

|„ use. device 10 b pieced eve. the ski., site end fixed by attaching adhesive 
ends ot bandage 18 to the skin. The absorbent paper substrata is inserted between the skin and 
25 occluded surface 14 of the device, in experiments described further below, e stock equeous 
solution of glucose was made to the concentration required to provide a desired amount of 
glucose to be deposited by micropipette to the paper strip which was allowed to dry at room 
temperature prior to use. The amount of glucose remaining with U.e absorbent paper auUftaU* 
after skin contact was determined by Inserting the paper strip into a screw cap tesf hit*. Test 
30 reagent (Totuidino Kit. #635 6. Sigma, St Lode) wos odmittcd. the cap etteched end the mixture 
heated at 100'C for 10 minutes. The color which developed was measured at a wavelength of 
635 nm in 1 cm transmission spectral cells and the concentration of glucose present determined 
from the amount of spectral absorption. Absorbence es e function of known amounts of glu«*o 
added to paper stnps b plotted m Figure 2. to establbh that observed absorbance b in proportion 

35 to the amount of glucoee proccnt 

In uue sel of experiments, Ihe chromatographic paper was loaded wtth 0.1 ml of 
a solution (glucose. 300 mgs percent and rhnlate sodium salt. 7 gms percent) dried in room 
air. Cholatoo have been found to enhance penetration of glucose into en external hydrogel as 
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rfwsrnhed in United States Patent No. 5 f 1 39,023 (issued to Carey ef bL on May 24, 1988), tho 
specification of which is Incorporated herein by reference. Tlie amount or glucose remaining 
wilt) ma substrate after 30 minutes was plotted as a function of Monri oh ions* determined directly 
from a Wood eamplo using a lancet prick ond measuring the Wood glucose concentration using 
5 an Elite Glucometer (Mfles Canada, Dtagnosaes DMston. DMsion of Bayer). Typical results are 
shown In Figures 3 and 4. United States Patent No. 4,746,508, the specification of which is 
incorporated herein by reference, describes bile salt analogs that have penetration enhancement 
properties. 

Another set of ejmSar experiments was carried out in which tho chromatography 
1 0 paper was loaded with 0.1 0 rui of a suiuliof i (glucose. 300 mgs percent and urea, 1 0 gms 
percent) and dried In room air. The maito; are plotted in Figure 5. 

Another embodiment of e devioe of the Invention is patch device 22 shown in 
Ftoure 6. Device 11 fccuides a substrate wen 24 (Methocel gel u.b%, isotonic (sodium chloride) 
Gel. and buffered Isotonic Gel and gel with penetration enhancers such ac uroa. cubctituted 
1 5 ureas, chelates, lecithins, aliphatic alcohols, aliplialfc adds, substituted aliphatic acids and 
emutsitiars). lower membrane material 26 (BinFill - Nolngical skin substitute, mlcrocrystatiine 
oollulooo, Productoo Blotconologiooa S A, Bom Retiro, CurWbe, Parana, Draril), insert rubber 
rtnq 28 and upper Impermeable transparent plate 30. The transparent plate could be replaced 
by a second membrane. Intermediate collar 32a, having adhesive on both fit uppor ond lower 
20 surfaces, secures the lower membrane to the lubber ting. Upper collar 32b, having adhesive on 
both its upper and lower surfaces. seraiiws transparent plate 30 to the rubber ring. Lowermost 
collar 32c, having odheoVc on both its upper and lower surfaces, secures protective 
impermeable tape 34 to the underside of the device so that the tape covers lower membrane 26. 

For use, the well is filled with a glucose solution and the device is closed by the 
25 upper impermeable plate and the bottom membrane. A skin site b ui epai ed by wiping wttn a 
preparatory pad and allowed to dry. The lower protective nanpr is removed from the lower 
adhesive collar end the devioe ic plocod in contact with the skin. The inner diameter of ring 
wuukJ typically be between about 025 Inches (0.04 cm) and about 0.5 inches 03 cm) and it 
could tynkally have a depth of between about 0.04 inches (0.1 cm) and about 0.16 inches (0.4 
30 cm). These cUmenaiona of course cen be optimized in teifiis of the overall gel volume needed or 
desired and the surface area provided tor exposure to namon's skin In n*« The lower collar 
typiealry has an outer diameter of about 1tf inches (3.2 cm) end egein the collar dimensions and 
adhesive us«d can be varied to obtain suitable adhesion of the device to a person s skm tor the 
length of time if r to be adhered thereto. 
35 Other possible materials that might be used as a ruetr ibi arte include 

membranous tissue material used to make Kling Tite™, Nahiralamh™ natuml skin condoms, 
Trojan 7 * premium product. Carter Wallace. Cranbury. New Jersey. USA. Cyclopore 
membranes, hydrophylic and hydrophobic. (WlmUnan Inc.), and Gelman membranes. Any 
semi-permeaDie membrane that permits the solute(s) of titnrast tn diffuse therethrough 
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reprodudbiy would be suitable. Carbopol is a polymer of acrylic acid crosslinked wfth a 
pcryfunctional agont (B.F. Goodrich). Another possible got would bo Methocol (Dow Chemical, 
hfciiaird, MWiitfaii), which b a walei iissiibte potynmi uf lifdiuiypiuuyl ureUiylcetluluse. OUiei 
golfing agents include collagen, gelatin, »ifca gel a* 1 om * r hydrnnhiBe materials which provH* 
5 gel strength, dissolve the eolute(e) of interest and permit diffusion of the eohite(s}. Col solutions 
used may contain sufficient sodium cnionae and sodium bicarbonate to establish isotonic 
conditions compatible with that of interstitial fluid, isotonic gel, pH and other agents may be 
adjusted to faoHftate penetration of glucose through stratum comeum. The membrane and gel 
must be compatible with each other In the sense that the membrane must retain the gel while 
1 0 pormitfag diffusion of the co4ute(e) of interest. 

As with the paper substrate described above, the gel is usually loaded with 
glucose and the glucose concentration is chosen to be great enough to diffuse through the lower 
membrane and into the skin. It might be found preferable to manufacture more then one 
standard or pre-selected gel, say tnree gets, having low. medium and high glucose 
1 5 concentrations that each provide satisfactory performance under particular circumstances. For 
example, it miglil be found thai a gel having a t elalively high glucose concentration works 
rwrtircilarly waII for uw* following a hiwvy maal The optimum value would he determined by the 
need to exceed the peek load while at the seme time avoiding saturating the akin site, but at the 
same time the necessity of having a measurable difference between the initial and final levels of 
20 glucose in the substrate gel. It might be necessary to salect based upon individual glucose 
tolerance curves. Optimization of sampling time might vary depending upon site glucose levels 
and the rate of transfer possible to achieve between the gal »™* *** 

After o given length of time, device 22 b removed from the subject's akin. The 
glucose concentration In the gel can be determined by inserting the electrometnc probe of an 
25 Elite Glucometer into the gel and drawing a email amount of tho solution, about 3 pi, into the 
probe. The glucometer yields a reading in about a ininule. 

Results obtained using device 17 are shown in Fignr** 7. 8 and 9 In a firs* s*t 
of experiments (Figure 7), a get substrate (loaded with glueeae, 400 mgs percent) was placed in 
the reservoir well and caBbrated by measuring the concentration of glucose which had effused 
30 across the semipermeable membrane into a 1 00 pi drop of water placed on top of the 

semipermeable membrane {the device being in e position inverted to that shown In Figure C). 
Figure 7 shows the concentration of glucose measured in the water droplet as a function of time. 
Conversion of concentration data to logarithmic form ohowo that the glucose effuses from the 
lesei vuii well into the water drop according to first-order kinetics for mass transfer, that is. that 
aS thn transfer of glunnsft intn the external volume of water rs consent with a cfiffusion -firrthed 
process. 

In another set of experiments, tne device was placed on the wnst or human 
subjects with the semrpermeable membrane against the skin to permit glucose to diffuse from 
the reservoir well across the semipermeable membrane Into the skin for thirty minutes. 
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Thereatter. me calibration procedure was repeated to determine the ramaming concentration of 
glucose. Figure 8 chow© the coUbfuibn procedure pre- (upper plot) and poet-eppJioation (lower 
plot) of the device to sJdn of human subjects. The dower rate of effusion or glucose (post vb pre) 
from the reservoir chamber into a 100 pi water drop indicate* that post glucose concentration is 
5 leaa than that of the pre condition. The difference in glucose concentration reflects the amount 
of glucose which diffused from the gel Into me sun. 

SimBar experiments were earned out with a similar gel containing 5% urco , the 
Jesuits briny shuwn in Figure 9. 

In another series of experiments, effusion of water from the skin was measured. 

1 0 Water taken up from the akin using en occlusive patch device similar to that shown in Figure 1 
was determined. In these experiments, however, no glucose was added to me paper prior to 
positioning the device on a person's skin. In a 6rst set of experiments, the devioe wac left in place 
for 30 minutes end then the paper was weighed. The peisoti's Uuud glucose level was also 
determined directly using an Elite glucometer as described above. R*rv*j»ntahv* data are 

1 5 plotted in Rgure 10. As can bo soon, there b on increase in weter absorbed by the paper from 
the skin with increasing blood glucose concentration. 

These experiments were extended by measuring the amount of glucose taken 
up by the paper substrate of me device as determined using e Trinder enzymatic assay. The 
amount of glucose (absorDance at 506 nmj plotted as a function of the amount of wafer taken up 

20 from me skin water (mgc) « chown in Figuro 1 1 . 

A similar experiment was carried out In which occluded paper strips were 
analysed for water absorbed and retained in situ using EKG type metal electrodes for occlusion, 
figure 1a. DC ohmmetartype instruments showed that retention uf waiei uikJoj a metal 
electrode occlusion decreased DC resistance. See Figures i? anri 13 in Figuro 1?. electrical 

25 resistance (MO) ic plotted oc a function of time. In Figure 13, log R o plotted es function of time, 
showing mat me decrease in resistance Is, at least approximately, a first order process. Blood 
glucose levels were also determined directly, as before, over time. The time taken for rosictance 
to decrease a standardized amount (150 z 10*0) was plotted against me diieutJy ineasuied 
glucose level. See Figure 14. As can be seen, me time tor me resistance to decree** the 

30 standardized amount decreased with me directly measured blood glucose level. 

A mudificaiiun uf me figure 0 device was used to obtain me results shown In 
Rgure 1 5. In me mnrfrfari device, upper plate 30 and collar 32b were replaced wtth an adhesive 
film. Lower membrane 26 and intermediate collar 32a were omitted, collar 32c remaining for 
adherence or me device to me skin. Well 24 was tilled won a 0.4 ml of solution having a glucose 

35 concentration of about 475 mge/dl and about 5 gmc percent of propylene glycol. Propylene 
glycol is a welling agent used to enhance diffusive contact of me aqueous solution of glucose 
wtth me Skin. The device, oriented in a position invnrted to mat illustrated, was fixed to me skin by 
lifting me filled horizontal device to bring k into contact with the forearm of a subject held 
hwi/unially above Die device. The arm wtth me device affixed thereto can be moved freery. 
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wlthout particular restraint, although care must bo taken to avoid disturbing the device and to 
preclude detachment front the dim. Aflei about Uikly ruiiiules, Uw aim was oriented wtth the 
device oriented upwardly with the outer fHm on top. The film was nunriurad and thR *l*rirn6* tip 
of an Efto Glucomcter woo Inserted directly Into the solution in the well of the device to measure 
5 the glucose concentration. 

Blood glucose levels were determined as above and glucose level of the 
eolation (mge/dL} was plotted as a function of the Wood glucose level. 3ee Figure 1 5. As can be 
seen, the glucose remaining m the device after 30 minutes decreases wtth Increasing blood 
glucose level. 

10 Anolhei embodiment of the Invention involves measurement of Impedance at 

the skin airfare. Eipariment* were ranted nut wtth measurements being taken with a derma] 
phase motor (DPM) ovoJtaWe from Nova w Technology Corporation of Gloucester, 
Massachusetts. Measurements were taken at two skin sues, tne torearm and the middle finger. 
The scale of the meter is from 90 to 099. It is thought that a higher reading indicates a higher 

15 degree of akin hydration. Blood glucose measurements were also measured directly (Mys/UL) 
using an Elrte Glucometer. as described above. Measurements were taken at various times In 
track changes in akin hydration from that present while testing overnight, attending ingestion of a 
typical meal for breakfast or lunch and following a peak of Wood glucose and decline to about 
100Mge/dL. 

20 In these experiment, a probe sensor was placed against the skin surface and 

hekJ lightly unW the instrument Indicated completion of data acquisition. Time interval (latch time) 
for data acquisition wae eelected at zero seconds (instantaneous). Other suitable time periods 
can be anywtieie 0 and 30 seconds, or between 0.5 and about 10 seconds, or between about 1 
and 5 Mcnnrte or annul 5 seconds. The results obtained using the dermal phase meter are 

25 plotted es function of blood glucose concentration in Figures 16 and 17, respectively. Each 
plotted point represents the averaoe ol lu measurements using the dermal phase meter. 

The data of Figures 1 0, 1 2 end 14 show that water abcorbod by a paper 
sutatrate (for a feted ueiiud of lime) inu eases wilii utcieusing Wood glucose concentration. The 
data of Figure 1 1 show that the amount of glucose which migrates to a paper substrate (over a 

30 fixed time period) inoreeses with increasing blood glucose concentration. It is thus clear that both 
water and glucose arc capable of migrating tnrougn tne comeum stratum or the skin. The data 
of Figure 1 5 show that migration of glucose from water (of a device containing 0.4 ml of a 475 
mgs/dl glucose In water svlutiun) nilo die skin Increases with increasing Wood glucose. Figures 
1 6 and 1 7 indicate that the d*grft« of hydration of the skin increases with increasing blood 

35 glucose concentration. 

A possible explanation for the foregoing observations is now given, aitnougn tne 
inwntor does nnt wish to be limited by any theory. The approach used to obtain the results 
shown herein, and in particular in Figures 15 to 17, can be used to non-invasive ry determine the 
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blood glucose level of a suhject and this benefit of the invention if not diminished by the 
prcoonoo or obocncc of the following explanation. 

R b assumed mat the pathway oy which water travels into the skin by m*ans of 
interstitial spaces or channels. From the results of Figure 1 0 it b inferred thot the water 
5 contained in such interstitial spaces tnueuses with increasing blood glucose concentration. AS 
the glucose concentration of such interstitial fluid i* reflective of blood glucose level, the glucose 
concentration in the artcrctitiat fluid ebo increeses with increasing blood glucose coirceiitiau'un. 
As m explanation for the downward slope of the data plotted in Houre 15. a two-ctep p/ocews k 
pronmeH firstly, water from the device "hydrates' the skin. Water diffuse* moro rapidly then 

1 0 glucose from the device into the interstitial spaces to which It has access llu ough the stratum 
corneum. There Is a Bmft to the amount ot water which can be contained in «ich spaces. In a 
second, slower step, but one which ie promoted by inorcosed hydration of the akin, glucose 
diffuses from (lie device irila the Interstitial channels. It would be expected that the rate or the 
second step would he in some proportion to the difference between the concentrations of 

1 5 glucose in the device and the interstitial spaces, in arty event, since tlie deyt w vf sWn hydration 
Increases WKh the blood glucose ot the subject, 'full* hydration of trm skin through the first step of 
the process occurs more rapidly with Increasing blood glucose concentration. This in turn means 
that the second step occurs inme isadily when the blood glucose of the sublect is higher. It » 
thus observed that the amount nf glucnse which diffuses from the device into the skin increases 

20 with increasing gluooco concentration. It b likely that the two steps of the process occui 

simultaneously to some extent (although at different rates), but the results of Hour* 15 indicate 
that the first step of the process predominates and henoe the degree of glucose depletion from 
the device depends more on the initial deyiee uf liydtatiun of the skin than on the concentration 
of glucose in the interstitial spaces. The data plotter! in Figures 16 and 17 indicate that the 

25 degree of skin hydration, meosurcd over e relatively short period of time, increases wtth bluud 
ylucvse concentration. 

Returning to the data plotted In Figures 3. 4 and 5, in which the substrate 
bearing glucose was paper, the substrate beats insufficient wale; for the hydration process to 
occur appreciably, the second step of the process predominates and hence the degree of 

30 glucoso depletion from the paper substrate b inversely related to the concentration of glucuse in 
the iuteistifol space* and hence also to Mood glucose concentration. 

A substrate of the present invention, for use in connection with on aspect of thb 
invention in which glucose b loaded to the substrate utiui io use has the property that a suitable 
amount of glucose can be loaded to the substrate and retained by the siihRrrat*. subject to 

35 proper storage, until the substrate is brought into contact with skin A substrate for use in 
connection whh an aspect of this invention in which glucose transfers to an unloaded substrate 
has the property that transfer, i.e.. diffusion of the glucose into the substrate occurs readily. 

Tho tcct subjects of the experiments described above were non-diabetic and 
free uf any apuatenl endocrinological abnormality mat would compromise the observed r^sulte 
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Studies w«re p«rformod in tha morning on faring cubjocto. After baseline measurements on 
facing, food was iiioesUid lo iaise Wood glucose levels. Studies continued unll Wood glucose 
levels decfoftd to haaAfine IavaIr 

In accordance with the theory proffered above for the result* shown hi Piyute 15, 
5 ft Is contemplated mat a migratory substance omer man olucose could be monitored m order to 
determine tha blood glucose law] of a subject In one eontemplated approaoh, an cqueoue 
solution of a substance which, like watei, inhale* i aadliy Into interstitial spaces could Da USed. 
In a second alternative contemplated approach, an aqueous solution of a substance which, (ilea 
glucose, migrates olowfy Into tho irttcrafflial spaces could be used. In e«her case, a substance 
i o mat provides advantageous Ifchvabsorbance characteristics for convenient monitoring could be 
chosen. Further, since It might well be possible to us* a substance which is not present in tho 
interstitial spaces of sJdn (or occurs at a constant ixmctmliauon therein) me rata of the second 
step of me process would be uncompleted by the presence of tha *uih*t«nce in tha interstitial 
space, as could potentially cauce proWcmo with gluooac. The use of such a substance would 
1 5 thus provide Uie added advantage mat me diffusion thereof would be Independent of glucose 
concentration and has m* potential of providing more reliable results than thoeo obtainable 
through the monitoring of glucose. 

A particularly useful embodiment of me present invention relies on the 
relationship between measured impedance and Wood glucose level. Kb possible to non- 
20 invasivery measure Impedance of skm tissue using a device which operates along me lines of me 
Surface Characterizing Impedance Monitor (SCIM) developed by Ollmar ('Instrument evaluation 
of ckin irritation-, P.Y. Ftevi, B.M. Morrison, Jr., MJ. Grove and G.L. Orove, Cos/wflto & 
Toiletries.. 111: 39, 1996: * tiectneal impedance indet in human skin- Measurements after 
occlusion, in 5 anatomical regions and rn mild irritant contact dermatitis', L Cmtestam and 3. 
25 Ollmar, ConL Dvtw. 2* ZZ7 t 1973; 'Electrical impedance tor estimation of irritaaon in oral 

mucosa and skin', S. Ollmar, £. Eek. F. Sundstrom and L. Emtectam. Medico! Progress Through 
Technology, 21 : 29, 1995; •Electrical impedance compared wtth omer non-Invasive 
bioengineering techniques and visual Rcorirvj for detection of irritation in human skin', S. Ollmar, 
M. Nyren, I Nicandor and L Emtestam. Brit J. DcrmetoL 130: 29, 1994.) which measuit* 
Z0 biolelectrical Impedance ofthe sWn at multiple frequencies. 

In one aspect, electrodes of such a device arc placed in conductive contact with 
a subject's skin in order to measui « Impedance (Z) at various frequencies (0 In a range from a 
few Hertz lh2) to about 5 Mhz. Electrodes nf tha device are electrically connected to a metering 
dovice which indicates the impedance et a selected frequency of applied voltage, as understood 
$5 by a pcison skilled in me art in a preferred embodiment ol me invention, me device is 

nrrvjrammed to operate at the selected frequencies in rapid sequence. Alternative modes of 
operation ere possible, for example, the voltage can be rapidly inueesed wtth time and Fourier 
transformation carried out to obtain a frequency spectrum. Ratios of impedance measured at 
various frequencies are determined and the blood glucoao level of tho subject is measured 
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dlrectiy. This process it repeated at different times so as to make the determination at a number 
of different glucose levels. In thb way, ratios of Impedance deteii ntiied %a particular frequencies 
wmcfi art tound to raproducibry reflect a person's blood olucwu* levels nvar a ranrj* of glucose 
levels are determined. The rafoo of measured Impedance at the selected frequencies can thus 
5 be cot related wtth directly measured Glucose levels, mat Is. a plot In which togfZ^Zj v* log (t) is 
» Hnaar correWfen, or an approximately finear correlation, It determined. This relationship la 
then uaed to determine the blood glucose level of the person directly torn ratio* uf smitaily 
obtained Impedance measurement, thus avoiding an Invasive technique for obtalnino the Wood 
glucose level. Impedance includes both resistance and reactance. 

*0 K i"«y I* found foi a proportion of the population mat mere Is a universal set of 

impedance frequency ratios thus avnWnn the necessity of determining individual correlations. 

It ta Important, of course , to be able to reliabry reproduce results as much as 
possible In order for ihJs type of device to be useful. To this end an approDnate slcin site is 
chosen. Generally speaking, an undamaged skin the and one that « not heavily ccarrcd would 

IS be chosen. A skin she having a stratum comeum which h> less likely lu deleleibusly interfere 
wtm me measurements is chosen. A Ukely posslbUlty is the volar forearm, down tn the wrfet. or 
behind an ear. The eWn curfaoo con be treated just prior to measurement in order to render the 
stratum comeum more electrically transparent by application. Tor example, of a physiological 
saline dressing for about a minute. Excess liquid should be removed before application of the 

20 probe. 

Grven the importance of reliable nlnc/aa level determinations in setting insulin 
edminictratione, H ic important that the invention be used only in circumstances In which it is 
known Ural the approach described herein rettawy indicates olucose levels of a subject, it is 
possible that the invention would not be suitable for uce with a given proportion of the population 

25 or 1 00% of the time with e given individual. Tor example, an individual may have a skin uuitdilior i 
wruch oeietenousry Interferes with Impedance measurements, making it difficult to assume that 
impedance measurements can reliably indicate a person's blood glucose level. For such e 
person, a different appi uauli lu glucose !e*e! determination would be more suitable. 

It may he advantao*™ is to optimize the spacing of the electrodes of the probe. 

30 That b, It may found that the electrodes of a CCIM probe are too close to each other to provide 
maximally reproducible results. An object of a suitable probe ts to have electrodes spaced from 
each other to obtain optimal penetration of current into tissue eontaining glucose In lb interstitial 
spaces. It a expected that electrodes suataaJ somewhere between about 0.2 mm anO about 2 
cm are suitable. 

35 Additionally, the uae of a gel can improve skin-probe contact to more reliably 

piocJuce useful measurements, as would be Known to a person sxmed in tne art e.g.. a gel 
r^mrtfWnrj nuv&y water in combination with a thickener tuch as Collusizo. glycerin or propyionc 
glyeol as a moisturizer, and a suitable preservative. 
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In on. embodiment, » mrtr Is worn mwhtoh. probe to oonttnuouriy m contact 
with the akin or* moisture buildup between occlusive etedrod*. end tJ,e ^ *^ » 
oM n useful measurements, tht device can bo mountobte on. or™* forearm, much*, a 
wnrtwetch. S^.nombodlm.ntrniQhtmHprovotobou^far^.obJ^ 

5 A.p^u^stated.ttmlgtfbefomKlto* 

grated md^usirv. that M n*M * nsc-sry to <**ml»e the reWorship be*veen 
^certain* impedance rat*, end blood fram****** MMdu.. «* ^ *■ op«**>" * 
the particular meter (or that tndrvlduaJ on the retafloneNp. 

Beoeuse Wood glucose levd deterrrtrariona o* the present irrvetrfon era non- 

10 Irrmiv. end pahlees It 1. porfble to mite auch determination. **h a greeter 

frequsncy than with a conventional pirn** method. In a particularly advertegeoue 
embodiment bleed glucoa. level, are monitored qufte fraquenfly, aay wary flftean or five, or 

control of blood gluocs. tn r*p°me to of Wood gtooo*, level, escertelncd by nun, 

15 of the meter. 

All references cited above are Incorporated herein by referenoe. 
The invention now havhxj been ctoeerfbed. Including the best mode currently 
known to ma inventor, the daJma which defin. the .cope of the protection sought for the 
invention follow. 
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CLAIMS 

1 . A metinxl fut munitwuiy Um luvd of ylucu$e in a body fluid of a subject, the method 
comprising the steps of 

contacting o oWn outface of the subject with • substrate capable of absorbing water to permit 
5 m toraubn of water between me substrate end the sWn; 

monitoring the migration of water between the substrate and the skin; and 

determining the amount of glucose in the body fluid based upon the moniioiod amount of 

water mammon. 

2. The method of dalm 1 wherein the body fluid b interstitial body fluid. 
10 3. Hie method of claim 1 where In body fluid b blood. 

I Th* mRlhnri of ctalm 1 wherein the skin is contacted with the eubstrata for a predetermined 
time period and monitoring tho migration of water includes weighing the substrate subsequent to 
tne contacting step. 

5. The method of claim 4 wherein the time period ie between about 1 minute and about 2 hours. 
15 6. Tim method of claim 5 wlmiein the Ume period is between about 5 minutes and about 1 hour 
7. The method of claim 6 wherein the time perirtrf is between about 1 0 minutes and about 45 
minutes. 

5. The method of ctalm 7 wherein the time period is between about 2\) minutes and about 40 
minute*. 

20 9. The method of claim 0 wherein the time period is about 30 mil lutes. 
1 U. the method ot claim 4 wherein the substrate comprises paper 

1 1 . The method of claim 10 wherein the substrate has e contact eree with the skin of between 
about 1 cm' and about 9 cm 3 . 

1 2. The method of ciaim 1 1 wherein the substrate has a contact araa of about A cm 2 . 

25 1 3. The method of ciaim 10 wherein the substrate beats a suffidenUy small amount of water 
pnor to the contacting step such that the migration of w»t«r ir from the skin to the substrate 
during the contacting dep. 

14. The method of ciaim 1 wherein the monitoring step includes measuring electrical resistance 
of the ftubstrafn in contact with the skin surface. 
20 15. The method of claim 14 wherein the substrate is paper. 

io. The method of claim 15 wherein tne substrate bears a sufficiently small amount of water 
prior to the contacting step, auch that the migration of water ic from the skin to the substrete 
during the monitoring step. 

17. The method of claim 11 wherein determining the amount of glucose in the body fluid 
35 includes determining the length of time it takes the measured resistance to change a fixed 
amount. 
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1 8. The method of claim 1 7. wherein the substrate is paper which bears a sufficient* small 
omount of water prior to the contacting step ouch that tho migration of water fa from the skin to 
the paper during the contacting step and the change In measured resistance Is negative. 

19. A method for monitoring the level nf ol»«** present in a hnrfy fluid of a snhjAcr. th* m«thod 
5 comprising! 

contacting a sldn surface of the subject with an aqueous glucose solution or predetermines 
concentration to permit migration of the water and the glucoee between interstitial skin 
fluki and Uie solution, 

mnnttnring the amount of glirasa present in the solirtion: and 
1 o determining the amount of glucose in the body fluid based upon the monitored amount of 

glucose in me solution. 

20. The method of claim 1 9 wherein the predetermined concentration of glucose in the solution 
b sufficiently high that migration of the glucose from the solution hito the interstitial skin fluid. 
21 The method of daim 20 wherein the monitoring step Includes determining the amount of the 

1 5 glucoso in the eolution after the cubctratc has been in contact with the skin for o predetermined 
length of time. 

22. The method of claim 21 wherein the predetermined length of time is between about 1 minute 
end about 2 hours. 

Z3. The method of claim 22 wnerein the predetermined length or time is between about 5 
20 minutes and about 1 hour. 

24. The method of claim 23 wherein the predetermined length of time Is between about 10 
minutes *nd about 45 minutes. 

25. The method of claim 24 wherein the predetermined length of time is between about 20 
minutes and about 40 minutes. 

25 26. The method of claim 25 wherein the predetermined length of time is about 30 minutes. 

27. The meihud uf utelrn 19 wtieidn the aqueous solution includes a wetting agent. 

26\ The method nf daim 27 wherein fh« w«ffing an*"* includes propylene glycol. 

29. The method of claim 20 wherein the concentration of glucose is between about 50 and 

about 1000 mgs/dl Drior to tne contacting step. 
30 30. The method of claim 29 wherein the concentration of glucoee te between about 200 and 

about 700 mgs/dL prior to the contacting step. 

31 . I he method ot claim 30 wherein the concentration of olucrwe k b*tw*«n annul 400 and 
about 600 mgc/dL prior to the contacting step. 

32. The method of ctalm 31 wherein the concentration of glucose Is about 475 mgs/dl pnor to 
15 the contacting step. 

33. Tho method of claim 19 wherein a semipermeable membrane is located between the 
solution and the skin to provide indirect contact ot the skin and solution therethrough during th« 
contacting step. 



WO 98/04190 



PCT/US97/13267 



-20- 

34. The method of daim 21 wherein the body fluid is Wood and determining the amount oi 
glucose in the blood indudoo correlating the determined concentration of ghjcoce in the colubon 
wfth directly determined blood glucose levels. 

35. The method of claim 1ft wherein the volume of the solution is between about 0.1 ml and 
5 about 1 ml. 

36. The method of daim 3b wherein the volume or me soltaon is between about mi and 
about 0.7 mt. 

37. The method of claim 30 wherein Umj volume of the solution ts between ulxxjl 03 ml and 
about 05 ml. 

10 36. The method of daim 37 wherein the volume of the solution b about 0.4 ml. 

39. The method of claim 19 wherein mere is contact area between the skin and solution of 
between about 0.05 in 3 (0.3 cm 3 ) and about 4 In 2 (25 cm 3 ). 

40. The method of claim 39 wherein the contact area e between about 02 in 2 (1 .3 cm 2 ) and 
about 1 m* (0.5 cm*). 

1$ 41. Tho method of daim 40 wherein the contact area te about 0.4 in 3 (2.6 cm 3 ). 

42. The method of claim 19 wherein the solution is contained within a hand-held device and the 
device includes a solution contact area dimensioned for contacting the solution with a wrist of a 
human subject 

43. A method tor monitonno olucose in a body iiukj ot a subject, the method comprising: 

20 contacting a ckin eurfaoe of the subject with a cubctmte cubetantiatly free of glucoce co ac to 
permit migration of glucose between the body Huti and the substrate; 
monitoring the amount of glucose present in the substrate: and 

determining, the amount of glucose In the body fluid based upon the monitored amount of the 
glucose in the substrate: and wherein. 
25 the substrate is free of a glucose transport inhibitor or an exogenous source of energy, or the 
skin has not been induced to sweat 

44. The method of claim 43 wherein the substrate is paper. 

45. A method for monitoring the blood glucose level of a subject, comprising the step* of: 
contacong a swn surface of the subject with a substrate bearing a known amount of glucose. 

30 so as to permit migration of glucose between the tkin and the substrate; 

monitoring the amount of the glucose in the substrate; and 

determinino the blood gluees* level nf the wjhjecf has«d upon th« mnnitnr*d amount nf 
glucose in the substrate. 

46. The method of claim 45 wherein the substrate is paper. 

35 47. The method of ciaim 46 wherein the known amount of glucose ic sufficiently high that 
migration of the glucose is from the substrate and into the skin. 

48. The method of daim 4t> wnerem the substrate is a oel. 

49. A device for monitoring the level of blood glucose of a subject, the device comprising: 
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a substrate bearing a known amount ot glucose, me substrate having the property that the 
glucose con freely diffuse, when in contact with human don. along a concentration 
gradient of me glucose between me substrate and attn, me substrate Including a surface 
for cold contact; and 
Z an occlusive covering. 

60. the device or etasn 4». wnerem ma device & a hand-new device and me contact area is 
dimoncionod for caid contact with a wrid of a human cubjeet 

5 1 . The device or daim 50. wherein said contact surface b provided by a membrane permeable 
fngtiiGnfiA 

1 0 52. The device of claim 51 , wherein said contact area to between ebout 0.05 in 2 (0.3 cm 2 ) end 
about 4 in 3 (25 cm 3 ). 

53. The device of claim 52 wherein the substrate is paper. 

54. The device of claim 52 wherein the substrate is a water based gel. 

55. The device of daim 54 wherein the volume of me oel is between about 0.1 ml and about 1 
15 ml. 

55. The device of claim 51 , wherein said membrane is provided wrm a releasable protectee 
covering. 

57. The device of claim 54, wherein the concentration of glucose » between about SO mgs/dL 
and about l out) mgs/dL 
20 58. A device for montoring me level of blood gluooco of o oubjoct, the device comprising: 
a well containing an aqueous glucose solution of predetermined concentration; and 
a surface bearing a pressure-sensitive adhesive surrounding an upper portion of the well, to 
permit mounting of me device on a skin surface of me subject with me solution in contact 
wtmthe sidn surface. 

25 59. The device of claim 58, further comprising moan* for obtaining a cample or the glucoce 
solution from me well when me device hs mounted on (lit* skin suifai*. 
60 Tha davit* nf daim 59 whfir«m said means is a membrane located to be accessible when 
me device b mounted on me skin surface and such mat It may be punctured in order to obtain 
the sample. 

30 61 . A method for non-invacively monitoring glucoce in a body fluid of a eubjeet, mo method 
comprising; 

measuring Impedance between two plecrrorifts in conducive wntact with a skin surface of 
tho subject; ond 

determining me amount of glucose In the body fluid based upon me measured impedance. 
35 62. The method of claim 61 wherein the body fluid is blood. 

63. The method of claim 62 wherein determining me amount of glucose includes comparing the 
measured impedance with a predetermined relationship between impedance and blood glucose 
level. 

04. The method of daim 61, 62 of 63 wherein the subject is human. 
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65. The method ot claim 61 . 62 or 63. Inducting measuring impedance at a plurality of 
frequencies, determining the ratio of on© or more pairs of measurements and wherein 
detenrcrung the amount of glucose in tit* body fluid includes uumpdiing UmUtsiutu lined taik>(s) 
wtth corresportdlno predetermined raflo(s). 

5 66. Tho method of clobn 65 wherein the cldn surface b located on the volar forearm. . 

67. The method of claim 66 wherein the 8km surface Is treated with a saline solution prior to the 
measuring step. 

66. Tho method of claim 67 wherein an electrically conductive gel a applied to the akin to 
enhance tne conducive contact ot the electrodes with the stan surface during the measuring 

10 dep. 

09. The method of claim 6 1 , 62 or 63, wherein the electrodes are in operative connection wtth a 
mmniftflr chip programmed to determine the amount of glucose in the body fluid based upon the 
measured impedance. 

70. The method of claim 69 wherein an indicator is operatrvely connected to tne computer chip 
1 5 for indication of the determined amount of glucose to the subject 

71 . The method of claim 70 wherein the indicator provides a visual display to the subject 
t'L I he method ot ciaim 69 wherein the computer chip is operativery connected to an tn.<ujlin 
pump and tho computer chip is further programmed to adjust the amount of insulin flow via the 
pump to the subject in response to the determined amount of glucose. 

20 73. The method of claim 61 , 62 or 63, wherein the electrodes are spaced between about 0.2 
mm and about 2 cm from each other. 

/4. An apparatus Tor nonnnvasfve monitoring of glucose in a body fluid of a subject, the. 
apparatus comprising: 

moan* fui itnmsuiinu impedance of shin tissue in response to an voltage applied tnereto: and 
25 a micrnprnr«wnr onerahVery connected to the means for measuring impedance, for 
determining the amount of glucose in the body fluid based upon the impedance 
measurement 

75. The apparatus of claim 74, wherein said means for meacuring impedance of skin tissue 
includes a pair of spaced uuail etediudes tot electrically conductive contact wtth a skin surface. 
30 76. The apparatus of claim 75. whomin said microprocessor is programmed to compare the 
measured impedanoo with o predetermined correlation between Impedance and blood glucose 
level. 

77. The apparatus of claim 76, including means for measuring impedance at a plurality 
frequencies of said applied voltage, wherein the programme fuiUiei include* means for 
determining the ratio or one or more pairs or the imp«rianr» mAasMmmAnte and means for 
comparing the determined rabo(o) with corresponding predetermined ratio(s) to determine the 
amuuntof ylucuse tn Uw body fluid. 

78. The apparatus nf claim 74. 75, 78 or 77, further comprising an indicator operatrvely 
connected to tho microprocessor for indication of the determined amount of glucose. 
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7.Q The aprwintfiis of daim 78 wherein the indicator provides a visual display. 
80. The apparatus of claim 78 wherein the microprocessor b opcrotKrcly connected to on inoulin 
pump and Includes means to edlust me amount of Insulin flow via me pump to the subject In 
response to the determined amount of glucose. 
5 61. The apparatus of claim 75, 70 or 77 wherein the eloctrodes are spaced between about 0.2 
mm and about 2 cm from each other. 

82. The apparatus of claim 78 including a cace having mesne for mounting the apparatus on the 
forearm of a human subject with the electrodes in said electrically conductive contact withasWn 
surface of the subject 
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